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Ground-Water, Surface-Water, and
Water-Chemistry Data, Black Mesa
Area, Northeastern Arizona—1996

By G.R. Littin and S.A. Monroe

Abstract

The Black Mesa monitoring program is designed to document long-term effects of
ground-water pumping from the N aquifer by industrial and municipal users. The N aquifer is
the major source of water in the 5,400-square-mile Black Mesa area, and the ground water occurs
under confined and unconfined conditions. Monitoring activities include continuous and
periodic measurements of (1) ground-water pumpage from the confined and unconfined parts of
the aquifer, (2) ground-water levels in the confined and unconfined areas of the aquifer, (3)
surface-water discharge, and (4) chemistry of the ground water and surface water.

In 1996, ground-water withdrawals for industrial and municipal use totaled about 7,040
acre-feet, which is less than a 1-percent decrease from 1995. Pumpage from the confined part of
the aquifer decreased by about 3 percent to 5,390 acre-feet, and pumpage from the unconfined
part of the aquifer increased by about 9 percent to 1,650 acre-feet. Water-level declines in the
confined area during 1996 were recorded in 11 of 13 wells, and the median change was a decline
of about 2.7 feet as opposed to a decline of 1.8 feet for 1995. Water-level declines in the
unconfined area were recorded in 11 of 18 wells, and the median change was a decline of 0.5 foot
in 1996 as opposed to a decline of 0.1 foot in 1995.

The average low-flow discharge at the Moenkopi streamflow-gaging station was 2.3 cubic
feet per second in 1996. Streamflow-discharge measurements also were made at Laguna Creek,
Dinnebito Wash, and Polacca Wash during 1996. Average low-flow discharge was 2.3 cubic feet
per second at Laguna Creek, 0.4 cubic foot per second at Dinnebito Wash, and 0.2 cubic foot per
second at Polacca Wash. Discharge was measured at three springs. Discharge from Moenkopi
School Spring decreased by about 2 gallons per minute from the measurement in 1995.
Discharge from an unnamed spring near Dennehotso decreased by 1.3 gallons per minute from
the measurement made in 1995; however, discharge increased slightly at Burro Spring.
Regionally, long-term water-chemistry data for wells and springs have remained stable.

Kayenta Formation, and the Lukachukai Member!
of the Wingate Sandstone—which are all of early
Jurassic age (Peterson, 1988). These formations

INTRODUCTION

The N aquifer is the major source of water for
industrial and municipal users n the
5,400-square-mile Black Mesa area (fig. 1) and the
ground water occurs under confined and

'The name Lukachukai Member was formally abandoned by
Dubiel (1989) and is used herein for report continuity in the

unconfined conditions. The aquifer consists of
three rock formations—the Navajo Sandstone, the

monitoring program as it relates to that part of the Wingate
Sandstone included in the N aquifer.
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are hydraulically connected and function as a single
aquifer referred to as the N aquifer (fig. 2).

Total withdrawals for industrial and municipal
use from the N aquifer in the Black Mesa area
generally have increased during the last 28 years
(table 1). Peabody Coal Company began operating
a strip mine in the northern part of the mesa in 1968.
The quantity of water pumped by the company
increased from about 95 acre-feet (acre-ft) in 1968
to a maximum of 4,740 acre-ft in 1982. The
quantity of water pumped in 1996 was 4,010
acre-ft. Withdrawals from the N aquifer for
municipal use increased from an estimated
250 acre-ft in 1968 to a maximum of 4,500 acre-ft
in 1991 and decreased to about 3,030 acre-ft in
1996.

The Navajo Nation and Hopi Tribe have been
concerned about the long-term effects of industrial
withdrawals from the N aquifer on supplies for
domestic and municipal purposes. These concerns
led to an investigation of the water resources of the
Black Mesa area in 1971 by the U.S. Geological
Survey (USGS) in cooperation with the Arizona
Department of Water Resources; in 1983, the
Bureau of Indian Affairs joined the cooperative
effort. Since 1983, the Navajo Tribal Utility
Authority (NTUA); Peabody Coal Company; the
Hopi Tribe; and the Western Navajo Agency,
Chinle Agency, and Hopi Agency of the Bureau of
Indian Affairs have assisted in the collection of
ground-water data.

Purpose and Scope of the Report

This report describes the results of
ground-water, surface-water, and water-chemistry
monitoring in the Black Mesa area from January to
December 1996. The monitoring is designed to
determine the effects of industrial and municipal
pumpage from the N aquifer on water levels, stream
and spring discharge, and water chemistry.
Data-collection efforts include continuous and
periodic measurements of ground water and surface
water in the Black Mesa area. Ground-water data
from wells completed in the N aquifer include
pumpage, water levels, and water chemistry.
Surface-water data include discharge
measurements at a continuous-record site.

Previous Investigations

Fourteen progress reports have been prepared
by the U.S. Geological Survey on the monitoring
phase of the program (U.S. Geological Survey,
1978; G.W. Hill, hydrologist, written commun.,
1982, 1983; Hill, 1985; Hill and Whetten, 1986;
Hill and Sottilare, 1987; Hart and Sottilare, 1988,
1989; Sottilare, 1992; Littin, 1992, 1993; Littin and
Monroe, 1995a, b; and Littin and Monroe, 1996).
Most of the data obtained from the monitoring
program are contained in these reports except for
stream-discharge and sediment-discharge data from
Moenkopi Wash collected before the 1986 water
year; those data were published in U.S. Geological
Survey (1963—64a, b; 1965-74a, b; 1976-83;
White and Garrett, 1984, 1986, 1987, and 1988).
Eychaner (1983) describes the results of
mathematical-model simulations of the flow of
ground water in the N aquifer. The model was
converted to a new model program and recalibrated
by using revised estimates of selected aquifer
characteristics and a finer spatial grid (Brown and
Eychaner, 1988). Kister and Hatchett (1963) show
selected chemical analyses of ground water from
wells and springs throughout the Navajo and Hopi
Indian Reservations. Cooley and others (1969)
provide a detailed description of the regional
hydrogeology.

HYDROLOGIC-DATA COLLECTION

In 1996, activities of the monitoring program
included metered and estimated ground-water
withdrawals, measurements of ground-water levels,
flow measurements of springs and surface water,
and collection of water-chemistry samples to detect
changes in the hydrologic conditions in the N
aquifer. Ground-water withdrawals, continuous-
record water-level data from observation wells, and
surface-water discharge data were collected from
January to December 1996. Measurements of
annual ground-water levels were made between
November and December 1996. Chemical data are
from ground-water samples collected in December
1996.

Hydrologic-Data Collection 3
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Figure 2. Rock formations of the Black Mesa area. The N aquifer is approximately 1,000 feet thick.



Withdrawals from the N Aquifer

Withdrawals from the N aquifer are separated
into three categories—(1) industrial use from the
confined part of the aquifer, (2) municipal use from
the confined part of the aquifer, and (3) municipal
use from the unconfined part of the aquifer (table 1,
fig. 3). The industrial category includes eight wells
at the Peabody Coal Company well field in northern
Black Mesa (fig. 4). The Bureau of Indian Affairs,
Navajo Tribal Utility Authority, and the Hopi Tribe
operate about 70 municipal wells that are in
categories 2 and 3. Withdrawals from wells
equipped with windmills are not measured or

Withdrawals from the N aquifer were compiled
on the basis of metered and estimated data (tables 1
and 2). In some areas, only partial data were
available because of meter malfunctions, and
pumpage was either prorated, based on electrical
usage, or computed on a per capita basis of 40
gallons per day (gal/d). The per capita consumption
is based on pumpage data and population figures
(Arizona Department of Economic Security,
Population statistics of the Navajo and Hopi
Reservations, 1990 census, unpublished data, 1991)
for areas without commercial water use.

The total ground-water withdrawal in 1996
was about 7,040 acre-ft (table 1), which is less than
a l-percent decrease from total withdrawals in

estimated. 1995. Pumpage from the confined part of the

Table 1. Withdrawals from the N aquifer, 196596

[Values are in acre-feet. Data for 1965-79 from Eychaner (1983)]

Municipal®® Municipal®®
Indus- Con- Uncon- Total Indus- Con- Uncon- Total

Year trial’ fined fined withdrawals Year trial fined fined withdrawals
1965 0 50 20 70 1981 4,010 960 1,000 5,970
1966 0 110 30 140 1982 4,740 870 965 6,575
1967 0 120 50 170 1983 4,460 1,360 1.280 7.100
1968 95 150 100 345 1984 4,170 1,070 1,400 6,640
1969 43 200 100 343 1985 2,520 1,040 1,160 4,720
1970 740 280 150 1,170 1986 4,480 970 1,260 6,710
1971 1,900 340 150 2,390 1987 3.830 1,130 1,280 6,240
1972 3,680 370 250 4,300 1988 4,090 1,250 1,310 6,650
1973 3,520 530 300 4,350 1989 3,450 1,070 1,400 5,920
1974 3,830 580 362 4,772 1990 3,430 1,170 1,210 5,810
1975 3.500 600 508 4,608 1991 4,020 1,140 3.360 8,520
1976 4,180 690 645 5515 1992 3,820 1,180 1,410 6,410
1977 4,090 750 726 5,566 1993 3,700 1,250 1,570 6,520
1978 3,000 830 930 4,760 1994 4,080 1,210 1,600 6,890
1979 3,500 860 930 5,290 1995 4,340 1,220 1,510 7,070
1980 3,540 910 880 5,330 1996 4,010 1,380 1,650 7,040

NOTE: Total withdrawals reported in Littin and Monroc (1996) were from the confined part of the aquifer only.

'Metered pumpage from the confined part of the aquifer by Peabody Coal Company at its mine on Black Mesa.

Does not include withdrawals from the wells equipped with windmills.

Includes estimated pumpage, 1965-73, and metered pumpage, 1974-79, at Tuba City; metered pumpage at Kayenta and estimated pumpage
at Chilchinbito, Rough Rock, Pifion, Keams Canyon, and Kykotsmovi before 1980; metered and estimated pumpage furnished by the Navajo
Tribal Utility Authority and the Bureau of Indian Affairs and collected by the U.S. Geological Survey, 1980--85; and metered pumpage furnished
by the Navajo Tribal Utility Authority, the Bureau of Indian Affairs, various Hopi Village Administrations, and the U.S. Geological Survey,

1986-95.
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Table 4. Discharge data, Moenkopi Wash at Moenkopi, calendar year 1996

[---. no data]
DISCHARGE, IN CUBIC FEET PER SECOND, CALENDAR YEAR 1996
DAILY MEAN VALUES
Day Jan. Feb. Mar. Apr. May June  July Aug. Sept.  Oct.! Nov.!  Dec.!
1 25 2.6 2.0 2.1 1.6 0.00 0.00 0.00  20.00 0.23 1.6 3.9
2 2.1 2.3 2.0 2.1 1.7 .00 .00 .00 2.00 209 1.3 43
3 2.8 03 2.1 2.1 1.6 .00 .00 .00 2,00 12 1.3 235
4 2.8 n3 2.1 2.1 1.4 .00 .00 .00 .00 1.8 1.1 2.8
5 2.5 2.3 2.1 2.1 1.2 .00 00 .00 .00 91 91 3.1
6 0.0 23 2.1 2.1 12 .00 .00 .00 .00 .58 91 2.8
7 0o 22 2.1 1.9 1.2 .00 00 .00 00 46 91 24
8 1.7 23 2.4 2.0 99 .00 00 .00 00 35 91 2.1
9 1.9 2.5 24 24 92 .00 .00 .00 .00 35 74 1.8
10 24 2.4 24 1.8 95 .00 .00 .00 .00 23 274 218
11 02 24 2.2 1.8 1.1 .00 .00 .00 .00 23 91 2.1
12 02 2.6 2.1 1.8 1.0 00 .00 .00 .00 35 91 24
13 02 2.6 2.1 1.8 1.1 00 00 .00 9.2 23 1.6 24
14 02 2.4 1.9 1.8 .87 .00 .00 00 187 35 26 2.4
15 22 2.6 1.8 1.8 62 .00 .00 00 57 .58 1.8 2.1
16 02 29 1.8 1.8 41 .00 .00 .00 4.6 .58 2.1 1.6
17 23 2.7 2.0 1.8 22 .00 .00 .00 2.0 35 0.1 1.6
18 23 2.6 1.9 1.8 24 .00 .00 .00 1.5 12 2 1.1
19 2.0 2.4 1.8 2.0 2.00 .00 .00 00 1.4 35 2.4 1.6
20 0.3 2.5 1.9 2.1 2.00 .00 00 .00 91 35 2.4 1.1
21 2.6 2.2 2.1 1.8 2.00 .00 .00 .00 77 235 231 1.8
22 22 22 2.1 1.8 2,00 .00 .00 .00 .59 23 3.5 2.4
23 2.9 1.9 2.1 1.7 2.00 .00 .00 .00 37 35 4.7 3.1
24 1.7 2.0 1.9 1.8 2,00 .00 .00 00 18 46 2.8 1.6
25 2.5 2.1 1.8 1.7 2,00 .00 00 13 14 46 2.4 13
26 02 2.1 2.0 1.9 .53 .00 00 36 32 46 24 13
27 1.8 0.1 2.1 1.9 .99 .00 00 19 72 .58 24 21.6
28 2.3 2.1 2.1 1.6 74 .00 .00 3.0 35 .74 2.4 2.1
29 s 22.0 2.1 1.3 .54 .00 .00 2,60 22 91 1.8 3.5
30 05 2.1 1.4 18 .00 .00 2.40 35 1.1 2.1 2.0
31 3.1 2.1 2,00 .00 220 .74 91
TOTAL 711 67.9 63.7 56.1 21.3 0.00 0.00 7220 26762 1504  56.0 68.87
MEAN 2.29 2.34 2.05 1.87 69 .00 00 2.33 8.92 49 1.87 221
MAX 3.1 2.9 2.4 24 1.7 .00 00 36 187 1.8 4.7 43
MIN 1.7 1.9 1.8 1.3 2.00 00 .00 .00 .00 12 74 91
AC-FT 141 135 126 111 42 00 00 143 531 299 1109 1356
CALENDAR YEAR 1996 TOTAL 759.48 MEAN 2.08 MAXIMUM 187 MINIMUM 0.00 ACRE-FT 1,506

'"Month in which data are provisional, subject to revision.
2Estimated.
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Table 5. Discharge data, Laguna Creek at Dennehotso, calendar year 1996

[---, no data]

DISCHARGE, IN CUBIC FEET PER SECOND, CALENDAR YEAR 1996
DAILY MEAN VALUES

Day Jan. Feb. Mar. Apr. May June  July!  Aug.! Sept.!  Oct.! Nov.! Dec.!
0.0 1.0 0.0 35 24
0.0 44 00 2.4 08
—-—- --- -— -—- - - --- 0.0 223 1.6 2.6 .30
0.0 234 20 2.4 23
0.0 12 5.5 4.6 .03
- - - _— — - - 0.0 .07 24 5.0 97
- - - -— - - -—- 0.0 1.2 1.6 2.6 .6l
--- --- --- - - - - 0.0 12 1.0 1.7 11

--- - - - — - - 0.0 .05 47 1.8 4.8
—— — - — - - 0.0 .01 .16 1.7 22
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11 0.0 0.0 .54 2.7 3.0
12 00 2132 37 2.3 4.6
13 - 0.0 2444 31 2.8 3.0
14 0.0 68 22 3.4 1.0
15 0.0 2622 17 3.7 .16
16 0.0 36 22 4.7 .06
17 0.0 53 33 6.0 0.0
18 0.0 1.1 43 8.0 0.0
19 0.0 1.6 36 4.3 0.0

0.0 21.8 24 1.2 0.0
0.0 1.2 27 .95 0.0
--- --- - 5.4 .89 .10 1.2 0.0
1.9 33 .21 13 0.0
2.1 22 72 20 0.0
0.0 ’14.5 0.1 .64 3.2 0.0
0.0 237.4 0.0 1.7 91 0.0
0.0 29.7 0.0 1.1 Sl 1.1
0.0 39 0.0 32 .26 22
0.0 23 0.0 43 .39 .83
- - - -- - 0.0 1.4 0.0 14 2.7 73
31 - - --- - - - 0.0 1.9 - 4.1 - 1.4
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TOTAL - 80.5  239.92 11576 11052  38.72
MEAN - 26 8 3.73 3.68 125
MAX 374 68 43 20 I
MIN .00 .00 .00 26 00
AC-FT - — 1599 477 230 219 77

CALENDAR YEAR 1996 TOTAL MEAN MAXIMUM MINIMUM 0.00 ACRE-FT

"Month in which data are provisional, subject to revision.
2Estimated.
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Table 6. Discharge data, Dinnebito Wash near Sand Springs, calendar year 1996

[---, no data]
DISCHARGE, IN CUBIC FEET PER SECOND, CALENDAR YEAR 1996
DAILY MEAN VALUES
Day Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct.!  Nov.! Dec.!
1 045 0.49 0.45 0.43 0.36 0.31 0.23 0.25 040 2025 0.32 0.42
2 40 .46 45 41 35 27 24 .26 .44 225 .34 44
3 41 45 49 44 33 28 25 .29 10 226 35 .38
4 .46 45 .49 45 33 27 24 27 1.3 .37 35 .39
5 43 47 44 45 .34 27 25 27 46 25 34 37
6 42 48 45 42 .35 .26 26 .30 33 .38 34 .39
7 42 48 47 42 3l 28 54 33 .30 30 32 .39
8 43 47 .50 42 .29 29 1.3 34 .30 228 33 37
9 43 47 49 41 .29 26 34 1.0 .30 234 42 37
10 47 47 49 .39 31 .25 28 Sl 33 236 37 38
11 43 47 47 .38 .32 26 .26 42 42 .33 .36 .40
12 45 47 46 41 32 27 27 38 28 .32 37 .35
13 45 48 .54 .39 .32 30 28 .37 56 30 37 37
14 46 47 50 .39 31 3l 27 40 98 30 37 .37
15 48 47 49 41 .32 28 25 44 308 231 .36 3l
16 49 47 47 .40 33 25 .26 45 20 231 .39 33
17 51 47 44 37 33 23 29 43 8.4 232 34 32
18 41 46 45 .37 33 22 .28 1.0 3.6 231 .39 24
19 47 45 48 .39 .28 22 27 .68 1.6 232 .39 .26
20 43 44 48 .38 .30 .22 .26 .50 .46 230 .38 .29
21 42 43 .49 37 32 22 23 .54 45 232 .38 37
22 .46 40 47 .39 .30 21 23 .50 52 232 53 .39
23 39 43 43 .39 31 21 23 .50 28 31 44 42
24 44 .44 .46 .38 32 .20 .24 2.4 225 33 .24 37
25 45 .44 47 .36 .34 20 25 65 225 32 .24 35
26 41 .52 47 37 .36 23 .30 39 225 35 5.1 35
27 .44 46 46 37 .35 25 28 8.3 225 35 3.0 42
28 .50 49 42 34 32 25 26 33 225 34 47 43
29 48 48 .46 .36 32 .26 .26 .95 225 33 .54 41
30 .49 - .46 .39 31 23 28 45 225 33 48 42
31 T 45 32 - 27 71 32 - 41
TOTAL 13.88 13.43 14.54 11.85 9.99 7.56 14.31 130.54 541.64 9.78 18.62 11.48
MEAN 45 46 .47 .39 .32 .25 46 4.21] 18.1 32 .62 .37
MAX Sl 52 .54 45 36 31 54 65 308 38 5.1 44
MIN .39 40 42 34 .28 20 23 .25 25 25 24 24
AC-FT 28 27 29 24 20 15 28 259 1,070 20 37 23
CALENDAR YEAR 1996 TOTAL 797.62 MEAN 2.20 MAXIMUM 308 MINIMUM 0.20 ACRE-FT 1,580

'Month in which data are provisional, subject to revision.

2Estimated.
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Table 7. Discharge data, Polacca Wash near Second Mesa, calendar year 1996

[---, no data]

DISCHARGE, IN CUBIC FEET PER SECOND, CALENDAR YEAR 1996

DAILY MEAN VALUES

Day Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct.! Nov.! Dec.!

1 20.40 0.24 0.23 0.24 0.19 0.10 0.05 0.03 0.04  0.06 0.09 0.14

2 235 20 22 22 .19 .10 .05 03 04 .06 .09 13

3 235 17 23 23 19 .09 .05 .03 24 07 .09 13

4 235 215 23 .26 17 .09 .05 .03 23 11 .09 13

5 230 .19 20 27 18 .08 .05 .04 1.2 3.1 08 12

6 230 18 21 25 .18 .08 .05 04 97 .58 08 14

7 230 .19 20 25 17 .08 .05 05 3.0 08 .08 13

8 225 18 23 27 15 08 04 .05 1.8 07 .09 13

9 225 19 22 26 15 07 04 .06 85 07 .09 13

10 28 19 22 25 15 07 04 23 .10 08 .10 .14
11 220 20 21 22 .16 .07 .04 2.05 .16 07 .10 14

12 27 21 22 25 .16 07 .04 205 44 07 .10 14
13 28 21 27 22 15 08 04 205 10 08 .10 13
14 225 21 27 23 15 .08 .04 2.05 40 .08 .10 12
15 22 21 25 25 14 .08 .04 205 2206 08 210 13
16 29 21 25 26 12 07 04 2,05 5.9 08 11 16
17 28 21 23 22 1 06 04 205 22 .08 10 12

18 2 22 22 23 12 .06 05 205 34 08 .10 .10
19 220 20 23 22 .10 07 04 205 11 08 11 12
20 22 20 25 21 10 .07 04 205 2.1 .09 211 13
21 220 20 24 20 10 06 .03 2,05 64 .08 11 19
2 220 21 26 21 .10 06 03 2,05 17 08 .16 23
23 19 20 23 22 .09 06 03 2,05 06 08 17 21
24 25 23 26 2 .10 .05 .03 04 .06 08 .10 15

25 220 23 26 20 13 .05 03 07 06 08 .10 .16
26 220 20 25 20 13 06 .03 7.0 .16 .09 39 17

27 220 26 25 19 14 06 03 1.0 .06 09 .16 17

28 220 24 24 18 12 .06 .03 23 .06 .10 12 .16

29 25 25 26 18 .10 06 03 7.2 .06 09 23 17

30 24 27 .19 .10 05 .03 1.4 06 09 16 17

31 21 26 .10 03 .08 .09 17

TOTAL  17.90 6.00 7.37 6.80  4.24 2.12 123 2033 34749 16.91 3.61 4.56
MEAN 25 21 24 23 14 07 04 .66 11.6 .55 12 15
MAX 40 26 27 27 .19 .10 05 7.2 206 1 39 23

MIN 19 15 20 .18 .09 .05 .03 03 04 06 .08 .10
AC-FT 16 12 15 13 8.4 4.2 24 40 689 34 7.2 9.1
CALENDAR YEAR 1996 TOTAL 428.56 MEAN 1.19 MAXIMUM 206 MINIMUM 0.03 ACRE-FT 850.3

‘Month in which data are provisional, subject to revision.
2Estimated.
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Table 8. Discharge measurements of selected springs, 1952—96

[---. no data]
U.S. Bureau of ) Date of Discharge, in
Inflian Affairs Rock Formations measurement gallc_ms per
Spring name site number minute
Burro Spring 6M-31 Navajo Sandstone 12-15-89 04
12-13-90 4
03-18-93 3
12-08-94 2
12-17-96 4
Unnamed spring near Dennchotso 8A-224 Navajo Sandstone 10-06-54 "
06-27-84 12
11-17-87 .S
03-26-92 2
10-22-93 14.4
12-05-95 17
12-19-96 15.7
Moenkopi School Spring 3GS-77-6 Navajo Sandstone tongue in 05-16-52 40
the Kayenta Formation 042787 16
11-29-88 12.5
02-21-91 213.5
04-07-93 214.6
12-07-94 2129
12-04-95 212.1
12-16-96 210
Pasture Canyon Spring 3A-5 Navajo Sandstone and 08-10-54 174
alluvium 07-28_82 135
05-19-86 166
11-18-88 211
03-24-92 3233
10-12-93 21
12-04-95 438
12-16-96 438
'Estimated.

2Discharge: measured at water-quality sampling site only and does not represent the total discharge from the Moenkopi School Spring system.

3Discharge measured in an irrigation ditch about 0.25 mile below water-quality sampling point and does not represent the total discharge from
Pasture Canyon Spring.

4Discharge of 38 gallons per minute measured volumetrically from pipe at water-quality sampling point 20 feet below uppermost spring. Water
was being diverted for irrigation upstream of previous points of measurement.
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